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INTRODUCTION
The purpose of t h i s  s tu d y  was to  determ ine some o f  the 
p h y s ic a l  and chem ical p r o p e r t i e s  of the s o lu b le  p o ly sa c c h a r­
id e s  o cc u rr in g  in  sweet co rn  k e r n e l s  a t  two s ta g e s  of r ip e n in g  
and to  compare th e se  p r o p e r t i e s  w ith  those  of beta-am ylose of  
s t a r c h  which was o b ta in ed  from th e  same co rn .
The l i t e r a t u r e  y i e l d s  very  l i t t l e  as  to th e  p h y s ic a l  and 
chem ical p r o p e r t i e s  of th e se  p o ly sa c c h a r id e s .  Most o f  the i n ­
v e s t i g a t o r s  have r e f e r r e d  to  them as  d e x t r in s  or d e x t r i n - l i k e
compounds. However, i f  we accep t th e  d e f i n i t i o n  o f  a d e x t r in
(1 )
as g iven  by A bderhalden we should have to conclude t h a t  th e se  
s o lu b le  p o ly sa c c h a r id e s  have r e s u l t e d  from the p a r t i a l  h y d ro l­
y s i s  of s t a r c h .  From the  d a ta  a v a i la b le  we do not know w hether 
th e se  so lu b le  p o ly sa cc h a r id e s  have r e s u l t e d  from s t a r c h  h y d ro l­
y s i s  or w hether they  a re  u n i t s  fo r  th e  n a tu r a l  s y n th e s is  of 
s t a r c h .  I t  i s  hoped by th e se  s tu d ie s  to  a s c e r t a i n  the t r u e  
n a tu re  of th e  s o lu b le  po lysaccharides  i n  sweet c o m .
RESEARCH MATERIAL
A ll  o f  the p o ly sa c c h a r id e s  used in  th e se  i n v e s t ig a t io n s  
were o b ta in ed  from Hopeland Sweet Corn. This sweet corn  i s  
th e  r e s u l t  of a c ro s s  between S to w e l l 's  Evergreen Sweet Corn 
and Johnson County White Corn. This c ro ss  was made by the  
Agronomy Department of th e  U n iv e r s i ty  of Maryland A g r i c u l tu r a l  
Experiment S ta t i o n  in  1919, and the r e s u l t i n g  h y b rid  was known 
as Number 301-19. Since th e  c ro ss  s e l e c t io n s  have been made 
f o r  su g ar  s e g re g a te s ;  the  corn  was t e n t a t i v e l y  named Hope­
la n d  Sweet Corn in  1928. Samples of the co rn  were tak en  in
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the  m ilk  s ta g e  (3) and in  the  a i r  d ry  m ature s ta g e .  The co rn
in  the m ilk  s ta g e  was p repared  f o r  e x t r a c t i o n  by s p l i t t i n g
the k e rn e ls  and sc ra p in g  out the c o n te n ts .  The mature k e rn e ls
where f i r s t  soaked f o r  48 hours in  20 p e r  cen t a lc o h o l c o n ta in -
in € 1 normal io d in e .  The presence of t h i s  c o n c e n t r a t io n  
10“  000
of io d in e  i n h i b i t s  the  a c t i v i t y  of s t a r c h  and d e x t r in  enzymes 
acco rd ing  to  O lsson (1 4 a ) . The so f te n e d  k e rn e l s  were then  
passed th rough  a n ix tam al m ill#
PREPARATION OP SOLUBLE POLYSACCHARIDES 
E x tr a c t io n  . — P re l im in a ry  work showed th a t  th e  so lu b le  p o ly ­
sa c c h a r id e s  under i n v e s t i g a t i o n  a re  s o lu b le  in  20 p e r  cen t 
a lco h o l  and in so lu b le  in  a lc o h o l  above 40 p e r  c e n t .  On the 
b a s is  o f  t h i s  s o l u b i l i t y  the  fo l lo w in g  procedure was used 
f o r  e x t r a c t in g  th e se  p o ly sa c c h a r id e s .  Samples o f  1000 to  
1500 grams of sweet corn  which had been e i t h e r  pulped o r  
passed  th rough  a n ix tam a l m i l l ,  depending on the  s ta g e  of 
m a tu r i ty  of th e  co rn , were tfrice e x t r a c te d  w i th  20 per  ce n t
a lc o h o l  c o n ta in in g  1 normal i o d i n e . A f te r  thorough mix-
10 ,0 00
in g ,  the  e x t r a c t s  were se p a ra te d  from th e  pulp  by means o f  
cheese c l o th .  The e x t r a c t s  thus o b ta in ed  co n ta in ed  the  
so lu b le  p o ly sa c c h a r id e s  and suspended s t a r c h  b e s id e s  p r o te in s  
and v a r io u s  o th e r  s u b s ta n c e s .  The s ta r c h  was se p a ra te d  by 
c e n t r i fu g in g  and the  s o lu b le  p o ly sa c c h a r id e s  were se p a ra te d  
from the  e x t r a c t  by in c re a s in g  th e  a lc o h o l  c o n c e n tr a t io n  o f  
th e  s o lu t io n  to 60 p e r  c e n t .
P u r i f i c a t i o n : The s o lu b le  p o ly sa c c h a r id e s  could be r e a d i ly  
p u r i f i e d  by d is s o lv in g  in  20 p e rce n t a lc o h o l ,  c e n t r i fu g in g ,  
f i l t e r i n g  th rough  a mat of paper pulp  and r e p r e c i p i t a t i n g
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i n  60 p e r  e e n t  a lcoho l*  The s u p e rn a ta n t  l i q u i d  was th e n  
removed and  th e  p ro cess  con tinued  u n t i l  the m a te r ia l  was pure*
This p o in t was determ ined  when the s o lu t io n  in  20 p e r  c e n t  a l c o ­
h o l  d e p o s i te d  no re s id u e  on c e n t r i f u g in g  and q u a l i t a t i v e  t e s t s  
f o r  p ro te in s  were n e g a t iv e .  The e n t i r e  p rocedure  i s  shown i n  
F ig u re  1 .  In  p u r i fy in g  the  so lu b le  p o ly sa cc h a r id e s  from th e  
m ilk  s tag e  th e  p r e c i p i t a t e d  m a te r ia l  was washed w ith  77.5 p e r  c e n t  
a l c h o l .  However, the v a lu es  re c e iv e d  d id  n o t  j u s t i f y  t h i s  t r e a t ­
ment and i t  was d is c o n t in u e d  in  subsequent p r e p a r a t io n s .  The p ro ­
cedure  as  o u t l in e d  was re p e a te d  th re e  tim es on the  m a te r ia l  from 
the  m ilk  s ta g e  and s ix  tim es on the  m a te r i a l  from th e  mature 
s t a g e .
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Soluble  P o ly sacch a rid es  
F i l t e r e d  Through Paper Pulp 
P r e c ip i t a t e d  w ith  60$ A lcohol




S o lub le  P o ly sa c c a r id e s Residue 
Washed in  20$ A lcohol
I
C en tr ifuged
Residue
S o lu b le  P o ly sa c c h a r id e s
'i
F i l t e r e d  Through Paper Pulp
I
Soluble P o ly sa c c h a r id e s
Washed w ith  95$ Alcohol
I
Dried 
Suspended in  Water
I
C a thorophesis
Residue a t  Anode S uperna tan t S o lu t io n  
I
P r e c ip i t a t e d  in  70$ Alcohol 
S o lub le  P o ly sac ch a r id e s  D ried
F igu re  1# Diagram showing th e  method of p u r i fy in g
the s o lu b le  p o ly sa c c h a r id e s
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Cathoroph.esi s . — A f te r  com pleting  th e  p u r i f i c a t i o n  a s  o u t l in e d  
the  m a te r ia l  was s u b je c te d  to  c a th o ro p h e s is .  The purpose of 
t h i s  was to remove th e  in o rgan ic  im p u r i t ie s  which remained 
a f t e r  th e  f i n a l  a lc o h o l  t r e a tm e n t ,  and to  de te rm ine  the  e f f e c t  
of an e l e c t r i c  c u r re n t  on th e  so lu b le  p o ly sa c c h a r id e s .
The ap p a ra tu s  used in  t h i s  in v e s t i g a t i o n  was a m odified  
form o f  the  a p p a ra tu s  dev ised  by Taylor and Id d le s  (2 0 ) . This 
ap p a ra tu s  i s  shown in  F ig u re  2* The arrangem ent a l low s f o r  th e  
conven ien t change o f  w a te r  in  the  anode and cathode compartments* 
The membranes t h a t  s e p a ra te d  th e  cathode from the  in te r-ch a m b er  
and the in te r-ch a m b er  from th e  anode were made of c o l lo d io n  
supported  on cheese c l o th .  These membranes d id  no t a llow  th e  
passage o f  the  s o lu b le  p o ly sa c c h a r id e s  but a llow ed th e  passage 
of in o rg an ic  io n s .  A d i r e c t  c u r re n t  of 250 v o l t s  was su p p lie d  
th rough  two p la tinum  e le c t r o d e s .
Many in v e s t i g a to r s  have mentioned the m ig ra t io n  of a lp h a - 
amylose when su b je c te d  to  th e  a c t io n  of the e l e c t r i c  c u r r e n t .  
Samec (1 7 ) , i n  p a r t i c u l a r ,  has  s tu d ie d  the m ig ra t io n  of a lp h a -  
am ylose. However, th e  a c t io n  o f  the e l e c t r i c  c u r r e n t  had not 
been determ ined  on th e  so lu b le  p o ly sa c c ah a r id e s  under i n v e s t i ­
g a t io n .
The p u r i f i e d  so lu b le  p o ly sa c c h a r id e s  were made up i n  
s u f f i c i e n t  w a te r  to  g ive a fo u r  per  cen t su sp e n s io n . The s u s ­
pens ion  was th e n  p laced  in  th e  ca th o ro p h es is  chamber under a 
d i r e c t  c u r re n t  o f  250 v o l t s f  During the f i r s t  day th e  w ate r  i n
the e le c t ro d e  chambers was changed f r e q u e n t ly ;a f t e r  t h i s  p eriod  
the  w a te r  was changed tw ice a d a y .In  a s h o r t  time a s l im y ,y e llo w ­
i s h  w h ite  m a te r ia l  began to  c o l l e c t  around the lower membrane,and
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F igure  2 C athorophesis  Apparatus
A N egative E lec tro d e  Chamber 
B Siphon f o r  I n t e r  Chamber 
C Mercury Connection 
D, Inter-C ham ber 
E P o s i t iv e  E lec tro d e  Chamber
F Siphon f o r  Negative E lec tro d e  Chamber 
G P latinum  F o i l  E lec tro d e  
H C o llod ion  Membrane 
I P latinum  Gauze E lec tro d e  
J O u tle t  f o r  P o s i t iv e  E lec tro d e  Chamber
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a t  th e  end o f  40 hours  a d e f i n i t e  s e p a r a t io n  had o c c u rred .
The s lim y  m a te r ia l  was around the low er membrane and the  m ilky 
s o lu t io n  o f  the  p o ly sa c c h a r id e s  remained in  su sp en s io n . This 
s u p e rn a ta n t  l i q u i d  was siphoned o f f  and poured in to  s u f f i c i e n t  
95 p e r  ce n t  a lc o h o l  to g ive  a f i n a l  c o n c e n tr a t io n  of  70 p e r  
c e n t  a l c o h o l .  P r e c i p i t a t i o n  of th e  pure w hite  p o ly sa cc h a r id e s  
occu rred  im m edia te ly . The re s id u e  around the lower membrane 
was a g a in  suspended in  w a te r  and ca th o ro p h e s is  co n t in u ed . This 
p ro cess  was rep ea ted  u n t i l  the su p e rn a tan t  l i q u i d  above th e
re s id u e  gave no p r e c i p i t a t e  in  70 p e r  cen t a lc o h o l .
The s o lu b le  p o ly sa c c h a r id e s  were washed w ith  a b s o lu te  
a lc o h o l  and d r ie d  in  a vacuum oven a t  room tem p era tu re  under 
3 -4  cm. p re s s u re .
The slim y re s id u e  was washed in to  70 p e r  c e n t  a lc o h o l  
and r e a d i ly  p r e c i p i t a t e d  in  the  presence  of a t r a c e  o f  e l e c t r o ­
l y t e .  C onsiderable  more re s id u e  was p re se n t  in  the  so lu b le  
p o ly sa c c h a r id e s  from th e  m ature s ta g e  th a n  from th e  m ilk  s ta g e .  
On d ry in g  th e se  r e s id u e s  in  a vacuum d e s i c c a to r  over s u l f u r i c  
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P u r i f i c a t i o n  o f  S t a r c h . —The im p u r i t i e s  in  the  e x t r a c t io n  
r e s id u e  which co n ta in ed  the  s t a r c h  c o n s is te d  c h i e f ly  o f  p ro te in s  
and so lu b le  p o ly s a c c h a r id e s ,  Zein was p robably  th e  most abundant 
and t h i s  p r o te in  i s  t h e  most s o lu b le  i n  85 to  95 p e r  cen t a l c o ­
h o l ,  acco rd ing  to  Osborne (1 3 ) . The p r o te in s  could a l s o  be sep ­
a r a t e d  from the  s t a r c h  m echan ica lly  due to the f a c t  th a t  on 
c e n t r i f u g in g  the  s t a r c h  was thrown down r a p id ly  and th e  im puri­
t i e s  formed a d i s t i n c t  l a y e r  on th e  s u r fa c e  of th e  s t a r c h .  The 
so lu b le  p o ly sa c c h a r id e s  could  be washed ou t w ith  20 p e r  c e n t  
5  a l c o h o l .  By ta k in g  advantage of th e  above p r o p e r t i e s  th e  s ta r c h  
J  was p u r i f i e d  by washing and c e n t r i f u g in g  e leven  tim es in  20 p e r  
~  ce n t a lc o h o l  and f iv e  tim es in  80 p e r  cen t a lc o h o l .  The procedure 
f o r  t h i s  p u r i f i c a t i o n  i s  shown in  F ig u re  3 . The s ta r c h  was 
f i n a l l y  washed w ith  95 p er  ce n t a lc o h o l  and e t h e r ,  and d r ie d  in  
a vacuum oven a t  40° C. under 3-4  cm. p r e s s u re .
S e p a ra t io n  o f  S ta rc h  Components. —I t  i s  w e l l  known t h a t  th e  
s t a r c h  g ra in s  must be com ple te ly  ru p tu re d  b e fo re  a s e p a r a t io n  
o f  a lp h a -  and beta-am ylose  can be made. Many methods have been 
proposed f o r  t h i s  p ro c e s s ,  in c lu d in g  both  chem ical and m echanical 
r u p tu r e .  The method of m echanical ru p tu re  as r e p o r te d  by A ls-  
b e rg  and P e r ry  (2) and by T ay lo r  and Beckmann (19) was adopted 
i n  o rd e r  to  e l im in a te  s u s p ic io n  of any p o s s ib le  change in  th e  
b e ta -am y lo se , a r i s i n g  from the u se  of chem ical a g e n ts .
The method employed was as fo l lo w s :  Twenty grams of d ry
s t a r c h  were p laced  in  a a u a r t  b a l l  m i l l  which was r o ta t e d  a t  
70 to  75 r .p .m .  f o r  one week. This p er io d  of time gave com-
Residue C on ta in ing  S ta rch  
1
Washed in  30$ A lcohol
■i1
C en tr ifu g ed
S ta rc h  and Im p u r i t ie s  Decant 20$ Alcohol
S ta rc h  and Im p u r i t ie s  
Washed in  20$ Alcohol
i
t r i f u g e d
S ta rc h  and Im p u r i t ie s  
* ^Washed in  20% A lcohol 
\ ,
C en tr ifuged  
S ta fc h  Im p u r i t ie s
S ta rc h
S ta rc h
20$ A lcohol 
Wash, ing  
Repeated 
S ix  Times
Washed in  80% A lcohol
i
C en tr ifu g ed
^  \S ta rc h  S ta rc h  and Im p u r i t ie s
Alcohol
C en tr ifu g ed
Washed m
S ta rc h
S ta rch
S ta rch  and Im p u r i t ie s  
Washed in  80% Alcohol 
Cen.tr ifuged
Im p u r i t ie s





20$ A lcohol Washing Repeated as above Six ^imes
x
Washed in  95$ Alcohol
i
Dried
Ground in  B a l l  M il l
jSathQ rophesis.
Alpha Amylose a t  Anodi? Beta-Amylose
P r e c ip i t a t e d  w ith  75$ Alcohol
Beta-Amylose D ried
F ig u re  55. Diagram showing th e  method of p u r i fy in g  the
S ta rch  and Beta-Amylose
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p l e t e  ru p tu re  o f  th e  g ra in s  as  evidenced by th e  d isap p earan ce  
of  th e  ty p ic a l  b la ck  c ro s s  on th e  s t a r c h  g ra in s  under a p o la r ­
i z in g  m ic ro sco p e . F ive l o t s  of s t a r c h  were p repared  i n  t h i s  
manner. The com ple te ly  ru p tu re d  s t a r c h  was then  made up in to  
an  e ig h t  p e r  cen t su sp en s io n  w ith  w a te r  and p laced  in  th e  e a th o r  
op h es is  c e l l  p re v io u s ly  d e s c r ib e d .  The a lpha-am ylose c o l le c te d  
around th e  low er membrane and th e  c l e a r  beta-am ylose  s o lu t io n  
was siphoned o f f .  Water was a g a in  added to  the re s id u e  and th e  
e a th o ro p h e s is  co n tin u ed  u n t i l  a n o th e r  c l e a r  s o lu t io n  of b e ta -  
amylose r e s u l t e d .  The dry  beta-am ylose was ob ta ined  by p r e c i p i ­
t a t i n g  i n  75 p e r  cen t a lc o h o l ,  washing w ith  a b s o lu te  a lc o h o l ,  
and d ry in g  in  a vacuum oven a t  room tem pera tu re  under 3 -4  cm. 
p r e s s u r e •
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COMPARISON OF SOLUBLE POLYSACCHARIDES WITH BETA-AMYLOSE 
P h y s ic a l  P r o p e r t i e s  
Color w ith  I o d in e . —For t h i s  work one p er  cen t s o lu t io n s  of 
th e  th r e e  m a te r ia l s  under i n v e s t i g a t io n  were p rep a red . To one 
ml* of each s o lu t i o n  was added te n  drops o f  N iod ine  potassium
ToS
io d id e .  The beta-am ylose  gave a deep dark  blue on the  a d d i t io n  
of  one drop  of iod ine  s o lu t io n .  The s o lu b le  p o ly sa cc h a r id es  from 
the m ature s ta g e  developed a p u rp l i s h  v i o l e t ,  in c re a s in g  in  in t e n ­
s i t y  on th e  a d d i t io n  of each drop of th e  io d in e  s o lu t io n .  The 
so lu b le  p o ly sa c c h a r id e s  from the  milk s ta g e  a l s o  developed a 
p u r p l i s h  v i o l e t  c o lo r .  However, th e  c o l o r  always remained l i g h t ­
e r  th a n  t h a t  of p b ly sa c c h a r id e s  from th e  mature s ta g e ,  r e g a r d le s s  
o f  th e  amount o f  io d in e  added. These r e s u l t s  a re  shown in  Table 1* 
The e o lo r s  t h a t  developed were ex trem ely  hard  to  judge , due to  
the  opa lescence  of th e  p o ly sa cc h a r id e  s o lu t io n s  be fo re  the  a d d i ­
t i o n  o f  any io d in e .
Table 1 . Color o f  Beta-am ylose and s o lu b le  p o ly sa c c h a r id e s  
from the m ilk  and mature s ta g e s  w ith  N/100 
io d in e  po tassium  io d id e .
M a te r ia l Color of one p e r  cen t s o lu t io n  on 
adding te n  drops of N/100 IKI
Beta-Amylose Dark Blue
P o ly sac c h a r id e s  
from n a tu re  s ta g e
P u rp l i s h  V io le t  w ith  b lu is h  t i n t
i
P o ly sa c c h a r id e s  frcm 
m ilk  s ta g e
P u rp l is h  V io le t
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V i s c o s i t y . —An O&twaltL v is c o s im e te r  was employed to  determ ine 
th e  r e l a t i v e  v i s c o s i t y  o f  beta-am ylose  and the so lu b le  po ly ­
s a c c h a r id e s  from the  sweet c o rn  i n  th e  mature and th e  m ilk 
s ta g es*  The measurements were made in  a th e rm o s ta t  a t  2 5 ° C ± .0 3 ° ,  
The w ate r  v a lu e  o f  the v is c o s im e te r  was determ ined w ith  
f i v e  ml* of w a te r .  A f te r  a l lo w in g  th e  system to  reach  th e  con­
s t a n t  tem p era tu re  of th e  th e rm o s ta t  th e  time o f  flow between 
th e  two g iv e n  p o in ts  on th e  v is e o s im e te r  was reco rd ed . The 
r e s u l t s  a re  shown i n  Table 2*
Table 2* Time o f  flow f o r  w a te r  a t  25°CJ;.03o .
Time of Flow












Avg. 161.1 Avg. 161.3
Avg. l S i / 2
1 3
S o lu t io n s  of th e  th re e  m a te r ia l s  were p repared  w ith  a 
c o n c e n t r a t io n  of one p e r  c e n t .  I t  was n ec essa ry  to  de term ine 
th e  d e n s i ty  of each s o lu t io n  so th a t  the  r e l a t i v e  v i s c o s i ty  
might he c a lc u la te d  a f t e r  the time o f  flow had been de te rm ined . 
These d e n s i t i e s  were determ ined  by the  pycnometer method and 
th e  r e s u l t s  a r e  shown in  Table 3 . The time o f  flow f o r  the 
th re e  s o lu t io n s  was then  determ ined  under th e  c o n d i t io n s  p re ­
v io u s ly  d e s c r ib e d .  The r e s u l t s  are  shown in  Tables 4 , 5 and 6.
Table 3 . D ensity  of one p e r  cent s o lu t io n s  of B eta-  
amylose and S o lub le  P o ly sa c c h a r id e s  from m ilk  and 
mature s ta g e s  of Sweet Corn
M a te r ia l
D ensity  of 1 fo  s o lu t io n  
a t  2 5 °C ± .0 3 °
Beta-amylo se 1.0016
S o lu b le  P o ly sacch a rid es
from m ilk  s tag e 1.0019
Soluble  P o ly sacch a rid es
from m ature s ta g e 1.0020
Table 4 . Time of flow fo r  a one p er  cen t s o lu t io n  
of Beta-am ylose a t  25 C - . 0 3
Time of flow







Avg. 188.1 Avg. 187.8
Avg. 187.9
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Table 5* Time of flow f o r  1 fo  S o lu t io n  o f  
So luble  P o lysaccharid .e sfrom th e  mature 
s ta g e  a t  2 5 ° C ± .0 3 ° .
Time of flow







Avg* 174,22________________: Avg* 174*56
Avg* 174*39
Table 6. Time of flow f o r  1%  S o lu t io n  of 
S o lu b le  P o lysaccharides  from the m ilk 
s ta g e  a t  2 5 ° C ± .0 3 ° .
Time of Flow







Avg. 170.46 Avg. 170.32
Avg* 170.39
From t h i s  d a ta  th e  r e l a t i v e  v i s c o s i t y  of th e  th re e  so lu  
t i o n s  was c a lc u la te d  by means of th e  fo llo w in g  form ula:
^1
1 aw t w
where d , and t ^  denote  the  v i s c o s i t y ,  d e n s i ty  and time 
of f low , r e s p e c t iv e ly ,  of th e  s o lu t io n  under  i n v e s t ig a t i o n ,  
and and t  denote  th e  d e n s i ty  and time of flow of w a te r .  
The r e l a t i v e  v i s c o s i t i e s  o f  th e  th r e e  s o lu t io n s  i s  shown in  
Table 7 .
Table 7 .  R e la t iv e  V isc o s i ty  of Beta-am ylose and 
Solub le  P o ly sacch a rid es  from Sweet Com in  
the  m ilk  and mature s ta g e s  a t  2 5 °C i.03° .
M a te r ia l
R e la t iv e  V is c o s i ty  of 
s o lu t io n s  a t  2 5 ° ± .0 3 °
Beta-am ylose : 1.1710
S o lu b le  P o ly sac ch a rid e s
from m ilk  s tag e  : 1.0622
#
Soluble  P o ly sacch a r id e s
from m ature s ta g e  : 1.0872
I t  i s  ev iden t from th e se  r e s u l t s  th a t  the  r e l a t i v e  v i s ­
c o s i ty  of th e  p o ly sacch ar id es  from th e  mature s tag e  i s  s l i g h t  
ly  l e s s  th a n  t h a t  of th e  p o lysaccharides  from the milk s ta g e .  
However, th e  v i s c o s i t y  of the  beta-am ylose i s  much h ig h e r  
th an  e i t h e r  of th e  p o ly sa c c h a r id e s .
1 6
O p tic a l  R o ta t io n .  - -A Schmidt and Haensch, h a l f  shadow 
s a c e h a r im e te r  was employed f o r  the  d e te rm in a t io n  of th e  op­
t i c a l  r o ta t io n *
I t  was n ecessa ry  to  use  very  d i l u t e  s o lu t io n s  of th e  po ly ­
s a c c h a r id e s  due to  t h e i r  extreme o p a lescen ce . By u s in g  f i v e -  
t e n th s  per  cen t s o lu t io n s  and a th re e  c e n t im e te r  p o la r isco p e  
tube s a t i s f a c t o r y  read in g  could  be o b ta in e d ,  The p o la r isc o p e  
tube  was f i l l e d  w i th  the  s o lu t io n  to  be examined and immersed 
i n  a th e rm o s ta t  a t  25°C±.03°. A fte r  the  tube c o n ta in in g  th e  
s o lu t io n  had reached the  tem p era tu re  of th e  th e rm o s ta t  i t  was 
removed and the w a te r  was r a p id ly  b lo t t e d  from i t s  s u r f a c e .
Two re a d in g s  were th e n  made and the  tube r e tu rn e d  to  the  t h e r ­
m o s ta t .  This p rocedure was con tinued  u n t i l  f iv e  read in g s  had 
been o b ta in e d .
The beta-am ylose  s o lu t io n  was p e r f e c t ly  t r a n s p a re n t  and 
s a t i s f a c t o r y  re a d in g s  could  be o b ta in ed  when a one per ce n t 
s o lu t io n  was used in  a ten  c e n t im e te r  tu b e . The procedure f o r  
th e  d e te rm in a t io n  of th e  o p t i c a l  r o t a t i o n  was the  same as t h a t  
p re v io u s ly  d e s c r ib e d .
The r e s u l t s  f o r  th e se  d e te rm in a t io n s  a re  in  Table 8*
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Table 8. O p tic a l  R o ta t io n  of  Beta-am ylose and the 
S o lub le  P o ly sacch arid esfro m  the m ilk  and mature 
s tages of r ipen ing*  in  degrees  Ventzke a t  25 G.
R o ta t io n  o f  the P o ly sac ch a r id e s  in  Ventzke Degrees a t  25°C
Solub le  P o ly sacch a rid es  So lub le  P o ly sacch a rid es  Beta-amylose
from m ilk  s ta g e from mature s ta g e
A B
o * 00 0 .8 5 .8 5 .8
00•o 0 .8 5 .8 5 .8
0 .8 0 .8 5.8 5 .8
0*8 0 .8 5.8 5 .8
0 .8 0 .8 5 .8 5 .8
»b
The o p t i c a l  r o t a t i o n  was c a lc u la te d  by means of the  
25fo rm ula : (°C  ) 100 x r  x 0+34657
D “  L x C
where r  — re ad in g  in  Ventzke d eg re e s ,  L = tube le n g th  in  
d e c im e te rs ;  C = c o n c e n tr a t io n  in  grams per 100 ml,; and 
0*34657 = co n v e rs io n  f a c t o r  f o r  Ventzke degrees  to an g u la r  
d e g r e e s .
In  making the  c a lc u l a t i o n s  the weight of the  sample was 
reduced to th e  dry b a s i s  by means o f  m ois tu re  d e te rm in a t io n s  
which had been made p re v io u s ly .  In  o rd e r  to  check on th e se  
d e te rm in a t io n s  two samples of beta-am ylose were run . The c a l ­
c u l a t i o n s  on Sample 1 were based on the  m ois tu re  d e te rm in a t io n s  
p re v io u s ly  made and the c a lc u l a t i o n s  on Sample 2 a re  based on
a d ry  weight f ig u re  r e s u l t i n g  from ta k in g  te n  ml. of th e  s o lu ­
t i o n  in  an e v a p o ra tin g  d is h  c o n ta in in g  dry sand and d ry ing  i t
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to  a c o n s ta n t  w eight a t  103°C. I t  i s  to  be noted  t h a t  th e se  
r e s u l t s  ag ree  w i th in  0 .3  of a degree#
The A ngular R o ta t io n  o f  th e  th re e  m a te r ia l s  under in v e s ­
t i g a t i o n  i s  shown i n  Table 9 . Although the  so lu b le  p o ly sa c ­
c h a r id e s  showed the  same o p t i c a l  r o t a t i o n  in  degrees  Ventzke 
a s l i g h t  d i f f e r e n c e  in  the  d ry  w eight o f  the  samples gave 
them a d i f f e r e n t  o p t i c a l  r o t a t i o n .
Table O p tic a l  R o ta t io n  of Beta-am ylose and S o lub le  
P o ly sacch a rid es fro m  the  mature and m ilk  s ta g e s  of 
Sweet Corn a t  25 C#





B eta-am ylose 213.9 214.2
S o lub le  P o ly sa c c h a r id e s  ; 
from mature s ta g e
■
196.9
S olub le  P o ly sac c h a r id e s  
from m ilk  s tag e 198.1
E l e c t r i c a l  C onductiv ity*--The ap p a ra tu s  used to  determ ine the  
e l e c t r i c a l  c o n d u c t iv i ty  o f  m a te r ia l  under i n v e s t ig a t io n  was 
s e t  up acco rd ing  to  the diagram shown in  F igure  4 . A Leeds 
and H orthrup S tu d e n tTs P o te n tio m e te r  was employed f o r  th e  
w heats tone  bridge#
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c — i
F ig u re  4
C — C o n d u c tiv i ty  C e ll  W - -  Wheatstone Bridge
B — B a t te ry  P — Phones
X — Microphone Hummer R — 4 -D ia l R es is tan ce  Box
A ll  o f  the  w a te r  used in  t h i s  experim ent had a s p e c i f i c
c o n d u c t iv i ty  of 2 .45  x 10"6 . The co n s ta n t  of th e  c o n d u c t iv i ty
c e l l  was determ ined  by means of N Potassium  c h lo r id e  a t
50
2 5 °C z t.0 2 ° .  Table 10 shows t h i s  d a ta .
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Table 10 . C o n d u c tiv i ty  of If/50 Potassium  c h lo r id e  a t  25°± .02o.
Sample
C o n d u c tiv i ty  of K/50 Potassium  c h lo r id e













2 50 490 .0208
10 830 .0205
*Each read in g  average o f  3 read in g s  
AVERAGE CONDUCTIVITY o f N/50 Potassium  c h lo r id e  = .0205
From th e se  measurements th e  c o n s ta n t  of the  c e l l  was 
c a l c u l a t e d ,  u s in g  the  value as found by Kohlraush f o r  the 
s p e c i f i c  conductances of E/50 potassium  c h lo r id e :
K  = .002768 = .1350
.0205
S o lu tio n s  of be ta-am ylose , so lu b le  p o ly sacc h a r id es  from 
mature corn and from corn  in  th e  m ilk s ta g e  were prepared  w ith  
a c o n c e n t r a t io n  of two per c e n t .  The s o lu t io n s  were then  
p laced  in  a th e rm o s ta t  a t  25°C ± *02°. A f te r  e q u i l ib r iu m  had 
been reach ed , c o n d u c t iv i ty  measurements were made. Before each 
measurement the c e l l  was c a r e f u l ly  r in s e d  w ith  a p o r t io n  of th e  
s o lu t i o n  to  be m easured. The r e s u l t s  a re  shown in  Tables 1 1 ,1 2 ,1 3 ,1 4 .
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The d a ta  shows th e  c o n d u c t iv i ty  of beta-am ylose and th e  
so lu b le  p o ly sa c c h a r id e s  from th e  corn in  th e  m ilk  s tag e  i s  
app rox im ate ly  th e  same, but th e  p o ly sa cc h a r id es  from the 
corn  i n  the mature s ta g e  has a conductance much lower th an  
t h a t  of e i t h e r  the  two o th e r  m a te r i a l s .
Table 11. C o n d u c tiv i ty  of Beta-Amylose a t  25°C±.02°









Avg. 2 .58  x 10“4
Table 12. C o n d u c tiv i ty  of Soluble  P o ly sac ch a r id e s  
from Sweet Corn in  th e  Milk S tage a t  25°C:t.02.










Avg. 2.35 x 10
*Each read in g  average of th re e  re ad in g s .
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Table 13. C o n d u c tiv i ty  of S o lub le  P o ly sacch a r id e s  
from Sweet Corn in  th e  mature s ta g e  a t  2 5 o c ± .0 2 ° .
R e s is ta n c e
Reading
~*lrI3.ge"
Reading C o n d u c tiv i ty  x 10
OHMS OHMS
9900 542 8.53
8000 590 8 .6 8
4800 746 8.51
Avk. 8 .57  x 10- 5
*Eaeh read in g  average of th re e  read in g s
Table Id .  S p e c i f ic  Conductance of the  M a te r ia ls  
under I n v e s t i g a t i o n  a t  25°Cir.02O .
M a te r ia l S p e c i f ic  C o n d u c tiv i ty
Beta-Amylose 3.48 x 10-S
S o lu b le  P o ly sac ch a r id e s  from
m ilk  s ta g e 3.17 x 10-0
S olub le  P o ly sacch a rid es  from 1.15  x 1 0 “ 6
m ature s ta g e
F lo c c u la t io n  by S a l t s , - - I n  o rd e r  to determ ine th e  e f f e c t  of
s a l t s  on th e  f l o c c u l a t i o n  of the  p o ly sa cch a r id es  10 ml. a l iq u o t s
of two p e r  cen t s o lu t io n s  were employed. The f i r s t  s e r i e s  of
a l i q u o t s  were t r e a t e d  w ith  10 ml. of s a tu ra te d  ammonium s u l f a t e .
O bserva tions  made im m ediately and a t  th e  end of 24 hours f a i l e d  
to  d e t e c t  any f l o c c u l a t i o n .  To a n o th e r  s e r i e s  of samples b as ic
lead, a c e ta t e  was added drop by drop ; however, no f lo c c u la t i o n  
occu rred  in  any o f  th e  p o ly sa c c h a r id e s .  The f i n a l  s e r i e s  of 
samples were t r e a t e d  w ith  approx im ate ly  f iv e  ml. of 0 .1  H 
io d in e -p o ta s s iu m  io d id e .  F lo c c u la t io n  d id  not occur in  any o f  
th e  s o l u t i o n s .  Baldwin (5) r e p o r t s  t h a t  beta-am ylose  i s  alm ost 
t o t a l l y  f lo c c u la te d  by 0 .1  H. io d in e -p o ta ss iu m  io d id e .  This 
d i f f e r e n c e  might be due to th e  f a c t  t h a t  th e  beta-am ylose  which 
Baldwin p repared  was n o t f r e e  of e l e c t r o l y t e s ,  w hile  th e  b e ta -  
amylose used in  t h i s  i n v e s t i g a t i o n  was p r a c t i c a l l y  f r e e  of  
e l e c t r o l y t e s .  On adding a t r a c e  of e l e c t r o l y t e  to the 0 ,1  S 
io d in e -p o ta s s iu m  io d id e ,  beta-am ylose  system , f l o c c u la t i o n  
occu rs  im m edia te ly . However, th e  s o lu b le  p o ly sa cc h a r id es  p lu s  
th e  0 ,1  I  io d in e -p o ta s s iu m  io d id e  a re  no t f lo c c u la te d  even on 
th e  a d d i t io n  of an e l e c t r o l y t e .  The r e s u l t s  a re  shown in  
Table 15.
Table 1 5 .  F lo c c u la t io n  of Beta-am ylose and Soluble 
P o lysaccharides  from the m ilk and mature s ta g e s  
w ith  v a r io u s  s a l t s
F lo c c u la t io n  w ith  Various S a l t s
M a te r ia l H a lf  S a tu r ­a te d  Ammonium 
S u lf a te
Basic Lead 
A ce ta te
0 .1  H Iodine^ 
potassium  
iod ide
t 0 .1  H Io d in e !  
potassium  Io ­
d ide  plue 
E le c t r o ly te
Beta-am ylose
S olub le  P o ly sa c -1 
eharidee from 
m ilk  s ta g e
S o lub le  P o ly sa c ­
ch a rid es  from 















M o is tu r e ,—Samples o f  th e  th re e  m a te r ia l s  were p laced  in  ta r e d  
m o is tu re  d ish e s  which were clamped and weighed im m ediately . 
These sam ples were d r ie d  to  a co n s ta n t  weight in  a vacuum 
oven a t  80% under a reduced p re s s u re  of 3-4 cm. of mercury.
The r e s u l t s  a re  shown in  Table JL6.
Table 1 6 . M ois ture  D ete rm ina tions  on Beta-Amylose 
and Soluble  P o ly s a c c h a r id e  from Sweet Com 
in  the  m ilk  and m ature s ta g e s
M a te r ia l P e r  cen t Average P er cen t
M oisture p e r  cent dry weigh-
A B M oisture
Beta-am ylose 5.35 6,79 6.07 93.93
S o lu b le  P o ly sa c ­
c h a r id e s  from
mature s ta g e 6,03 6.24 6 .13 93.87
Soluble P o ly sa c ­
c h a r id e s  from
m ilk s ta g e 6.67 6.76 6.71 93.29
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A sh .—The samples which had. been used f o r  m o is tu re  d e te rm in a­
t io n s  were t r a n s f e r r e d  to  t a r e d  p la tinum  c ru c ib le s  and ig n i t e d  
v e ry  s low ly  to  a red h ea t  in  a m uffe l fu rn a c e .  The samples were 
i n  d u p l ic a te  and no w eighable  ash  was found in  any of th e  m ater 
i a l s .  These r e s u l t s  a re  shown in  Table 17.
Table 17. Ash Content of Beta-am ylose and So lub le  
P o ly sa c c h a r id e s  from Sweet Corn in  the  
m ature and m ilk  s ta g e s
M a te r ia l P e r  ce n t  Ash
Beta-am ylose None
S o lub le  P o ly sa c ch a r id e s  
from m ature s ta g e
None
Soluble  P o ly sac c h a r id e s  
from m ilk  s t a t e
None
phosphorus D e te rm in a t io n s . —S ev era l  methods f o r  the  d e te rm in a t io n  
o f  phosphorus were t r i e d  b e fo re  any s a t i s f a c t o r y  r e s u l t s  were 
o b ta in e d .  The o f f i c i a l  vo lum etr ic  method of th e  A.O.A.C. was n o t  
s e n s i t i v e  enough f o r  th e  sm all amounts of m a te r ia l  which i t  was 
n e c essa ry  to use in  t h i s  work. The c o lo r im e tr ic  methods of 
Deniges as m odified  by Troug and Meyer (24) and the  c o lo r im e tr ic  
method of Zinzadze (25) did not g ive  c o n s is te n t  r e s u l t s .  F in a l ly  
th e  c o lo r im e tr ic  method of B e ll-D o isey  (6 ) as m odified  by 
B riggs (7) and improved by Roe, I r i s h  and Boyd (16) was found 
to  g ive s u f f i c i e n t l y  a c c u ra te  r e s u l t s  f o r  t h i s  i n v e s t i g a t io n .
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A f te r  t r y i n g  s e v e ra l  methods of a s h in g ,  the  wet ash  method 
was adop ted  f o r  t h i s  i n v e s t i g a t i o n .  The procedure used was recom­
mended by Zinzadze (25) and was as fo l lo w s :  To th e  sample ,
( 0 .5 —0 .6  gms.) was added 5 ml* of c o n c en tra ted  n i t r i c  a c id  and 
5 ml* o f  30 p e r  cen t hydrogen p e ro x id e . This was evapora ted  down 
to  one to  two ml* volume on an e l e c t r i c  h o t  p la te  a t  165°C, s in c e  
Roe, I r i s h  and Boyd (16) have shown th a t  phosphoric  a c id  i s  v o la -  
t i z e d  o f f  above 200° C. Then 2*5 ml* of n i t r i c  a c id  and 2*5 ml. 
o f  30 p e r  cen t hydrogen peroxide were ag a in  added to  the  m a te r i a l .  
The m ix tu re  was evapo ra ted  to one to  two ml* volume as  b e fo re .
To com plete th e  a sh in g  one m l. o f  co n c e n tra te d  s u l f u r i c  ac id  was 
added and th e  m ix tu re  was evapora ted  down to  one ml. volume o r  
u n t i l  no yellow  fumes were e v id e n t .
A f te r  th e  ash  had cooled  i t  was t r a n s f e r r e d  to  a 50 ml. 
v o lu m etr ic  f l a s h .  B efore making to  volume two ml. of ammonium 
molybdate s o lu t io n  (25 gms. o f  ammonium molygdate d is s o lv e d  
in  300 ml. w a te r  p lus 200 ml. of a s o lu t io n  c o n s i s t in g  of 125 
ml. o f  w ate r  p lus 75 ml. of s u l f u r i c  ac id )  and one ml. of 0 .5  
p e r  ce n t hydroquione in  20 p e r  cen t sodium s u l f i t e  s o lu t io n  
were added. The s o lu t io n  was made to  volume and p laced  on a
b o i l in g  w ate r  b a th  f o r  f i f t e e n  m inutes and cooled  in  running 
w a te r .  The s o lu t io n s  were then  matched a g a in s t  s ta n d a rd s  by 
means of a Bausch and Lomb Duboscq. c o lo r im e te r  u s in g  50 mm. cups. 
The s ta n d a rd s  were p repared  from potassium  dihydrogen phosphate 
s im u lta n e o u s ly  w ith  th e  unknown s o lu t io n s .  I t  was n ecessa ry  to  
add one ml. of c o n c e n tra te d  s u l f u r i c  a c id  to  th e  s ta n d a rd s  in  
o rd e r  to  mate th e  a c i d i t y  the  same as th a t  of th e  unknown s o lu t io n .  
Roe, I r i s h  and Boyd (16) have shown th a t  the a c i d i t y  has a marked
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in f lu e n c e  on th e  c o lo r  produced, and recommend working in  
the  re g io n  o f  0 .5  N. s u l f u r i c  acid*
Samples o f  b e ta  amylose and s o lu b le  p o ly sa cc h a r id es  from 
th e  m ilk  and mature s ta g e s  of sweet corn  were t r e a t e d  as de­
s c r ib e d  above. The r e s u l t s  in  Table 18 show th a t  the s o lu b le  
p o ly sa c c h a r id e s  from th e  m ilk  s tag e  c o n ta in  much more phosphorus 
th a n  th e  s o lu b le  p o ly sa c c h a r id e s  from the  mature s ta g e .  The 
amount o f  phosphorus in  beta-am ylose  was approx im ate ly  th e  same 
a s  t h a t  from th e  s o lu b le  p o ly sa c c h a r id e s  from the mature c o m .  
Baldwin (5) r e p o r te d  a much h ig h e r  phosphorus co n ten t in  p re ­
c i p i t a t e d  beta-am ylose  (0 .19 p er  c e n t  phosphorus) w h ile  h e r  
r e t ro g ra d e d  beta-am ylose  co n ta in ed  .006 p er  cen t to  .0009 per  
cen t phosphorus. The source of h e r  be ta -am ylose , however, was 
p o ta to  s t a r c h .
~ ‘ 2 S
Table 18* C o lo r im e tr ic  read in g s  and p e rcen tag es  o f  phosphorus 
in  Beta-am ylose and S o lu b le  P o ly sac ch a r id e s  from the 
m ilk  and mature s ta g e s  of Sweet Com
M a te r ia l
r Weight o f  
Sample
^Reading o f  
S tandard
#*Reading 















Per ce n t  
.0046
Beta-Amylose .6590 10 29.1 .02405 .0039
Soluble Polysae* 
eharide^ Mature 
stage .5518 10 27.2 .0257 .0046
Soluble Polysao- 
cha r i d  e$ Mature 
stage .8794 20 35.6 .0393 .0044
Soluble Polysac- 
eha r id  eg mi Ik  
stage .5915 20 32.2 .0434 .0073
Soluble Po lysac­
charide^ m ilk  
stage .5513 20 29.7 .0471
►
.0085
I . . . . ..........- ..............— -
*Standards co n ta in e d  .07 mgs. PgOg
**Each read in g  i s  the average of fo u r  or  more read ings
The formula used  f o r  c a lc u l a t i n g  the  amount of phosphorus was as fo l lo w s :
S tandard  Reading X mg. PgOg in  S tandard  sa Amount of P2O5 in  Sample 
Sample Reading
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D e te rm in a tio n  ot  F a t ty  Acids B efore and A f te r  H y d ro ly s is  o f  
th e  P o ly sa c c h a r id e s  . - -T a y lo r  and N elson (22) have shown th a t  f a t t y  
a e id s  a r e  p re se n t  in  the corn s ta r c h  g r a in  and th a t  th e se  f a t t y  
a c id s  a r e  no t l i b e r a t e d  u n t i l  th e  s t a r c h  i s  hyd ro lyzed . In a 
l a t e r  i n v e s t i g a t i o n  T ay lo r  and Id d le s  (20) proved th a t  th e se  
f a t t y  a c id s  p re se n t  in  s t a r c h  a re  a s s o c ia te d  c h i e f ly  w ith  the  
a lpha-am ylose  f r a c t i o n .  T herefore  in  comparing the p o ly sa cc h a r­
id e s  u n d er  i n v e s t ig a t io n  w ith  b e ta -am y lo se , i t  i s  im p o rtan t to 
determ ine w hether f a t t y  a c id s  a re  f r e e d  by hy d ro ly z in g  them.
I t  was n e c e ssa ry  to  de term ine f i r s t  w hether o r  not any 
f a t t y  su b s tan ce s  could  be e x t r a c te d  from the m a te r ia l s  under 
i n v e s t i g a t i o n .  Samples of s o lu b le  p o ly sa cc h a r id e s  from th e  
m ilk  and the m ature s ta g e s  of sweet co rn  and beta-am ylose were 
d r i e d  a t  100°C u n d er  3 -4  cm. p r e s s u re .  These samples were then  
p la ced  in  Whatman’ s s in g le  th ic k n e s s  e x t r a c t io n  th im b les  which 
were 25 x 40 mm. ^hese th im b les  were p laced  in  g la s s  siphon 
cups which r e s t  in  th e  f l a s k s  of th e  B ailey-W alker (4) e x t r a c ­
t i o n  a p p a ra tu s  employed. E th y l e th e r  was added and th e  m a te r i a l s  
were e x t r a c te d  f o r  24 hours  . The e th e r  was evapora ted  and th e  
r e s id u e s  in  th e  e x t r a c t io n  f l a s k s  were d r ie d  to  c o n s ta n t  weight 
a t  100°C under 3-4 cm. p r e s s u re .  The r e s u l t s  showed th a t  no
t
ex tran eo u s  su b s tan ce s  so lu b le  in  e t h e r  were p resen t in  any of 
th e  m a t e r i a l s .
Samples of beta-am ylose  and th e  so lu b le  p o ly sacc h a r id es
from th e  m ilk  and the  mature s ta g e s  were then  hydro lyzed  w ith  
ap p ro x im ate ly  n in e  per  cent h y d ro ch lo r ic  ac id  u n t i l  no io d in e
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c o lo r  was e v id e n t  in  a drop of th e  h y d ro ly z in g  m a te r ia l#  The 
s o lu t io n s  were th e n  f i l t e r e d  through f a t - f r e e  f i l t e r  paper and 
th e  r e s id u e s  were washed w ith  w a te r  u n t i l  f r e e  o f  a c id .  The 
f i l t e r s  c o n ta in in g  the  r e s id u e s  were d r ie d  a t  50°C. A f te r  d ry ­
in g  th e  f i l t e r s  c o n ta in in g  the re s id u e s  were t r a n s f e r r e d  to 
e x t r a c t i o n  cups and e x t r a c te d  w i th  r e d i s t i l l e d  e th y l  e th e r  
f o r  24 h o u rs .  The e th e r  r e s id u e s  in  th e  e x t r a c t i o n  f l a s k s  
were ev ap o ra ted  and d r ie d  to  co n s ta n t  w eight a t  100°C under  
3 -4  cm. p r e s s u r e .
The r e s u l t s  a re  shown i n  Table 19. Prom th e se  i t  i s  
q u i te  e v id e n t  t h a t  no f a t t y  m a te r i a l  was l i b e r a t e d  in  the  
h y d r o ly s i s  of th e se  m a te r i a l s .
Table 1.9. Weight of E th e r  Residue from Hydrolyzed Samples 
o f  Beta-am ylose and So luble  P o ly sacch a rid esfro m  
M ilk and Mature S tages  o f  Sweet Corn
M a te r ia l
Weight o f  
Sample
Weight o f  






B eta-am ylose 2,0804 .0005
S o lub le  P o ly sa c c h a r id e s  
from Mature Stage 2.1438 .0001
S olub le  P o ly sa c c h a r id e s  
from Mature S tage 1.8795 .0000
S olub le  P o ly sac c h a r id e s  
from Milk S tage 2.1343 .0003
S o lub le  P o ly sa c c h a r id e s  
from Milk S tage 1.9241 .0000
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The Red u c t io n  o f  F e h l in g Ts S o lu t io n  b efo re  and, a f t e r  H ydro lys is  
o f  th e  P o ly s a c c h a r id e s . - -The s o lu t io n s  of beta-am ylose and. the  
s o lu b le  p o ly sa c c h a r id e s  from the m ilk  and the n a tu re  s ta g e s  
had a c o n c e n t r a t io n  o f  two per  c e n t .  The reduc ing  power o f  50 
m l. o f  th e s e  s o lu t io n s  was determ ined by means of the  o f f i c i a l  
g ra v im e tr ic  method of Munson and Walker ( IE ) .  A blank d e t e r ­
m in a tio n  on th e  F e h l in g rs s o lu t io n  was made b e fo re  each s e r i e s .  
The r e s u l t s  a re  shown in  Table 20. S e r ie s  B was run  s e v e r a l  
days l a t e r  than  S e r ie s  A,
Table 20. The Weight of Cuprous Oxide formed from 
Samples of  Beta-am ylose and So lub le  P o ly sacch a r­
id e s  from the  Milk and Mature S tages of Sweet Com
M a te r ia l





f o r  Blank
A B A B
gma. gms. gms. gms.
Beta-Amylose .0088 .0081 .0074 .0071
S o lu b le  P o ly sac ch a r­
id e s  from Mature S t^ e .0046 .0022 .0032 .0011
S o lu b le  P o ly sa c c h a r ­
id e s  f r o m  Milk Stage .0018 .0003 .0004 .0000
Blank .0014 .0010 — —
Samples of beta-am ylose and so lu b le  p o ly sa cc h a r id es  from 
the  m ilk  and th e  mature s ta g e s  were hydrolyzed f o r  two and a 
h a l f  hours  w ith  100 ml. of two and a h a l f  p e r  cen t s u l f u r i c  
a c id .  The samples were then made up to  250 ml. volume and 
a f t e r  n e u t r a l i z i n g  w ith anhydrous sodium carbona te  a Munsen and 
Walker (12) g ra v im e tr ic  d e te rm in a t io n  f o r  reducing sugars  was
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ru n  on a 5 0  ml* a l i q u o t .  The r e s u l t s  a re  shown In  Table 2 1 .
Iffunsen and Walker t a b l e s  ( 1 2 )  show t h a t  o n e - te n th  of  a 
gram of  d -g lu co se  w i l l  form 0 . 2 2 3 3  grams of cuprous ox ide . The 
p e rce n tag e  co n v e rs io n  of be ta-am ylose  and th e  so lu b le  p o ly ­
s a c c h a r id e s  was c a lc u la te d  from t h i s  f ig u re *  These r e s u l t s  
a re  shown in  Table 2 2 .  Link ( 1 1 )  re p o r te d  a convers ion  of 
92 p e r  c e n t  w ith  a so lu b le  p o ly sa cc h a r id e  which he o b ta ined  from 
young c o m  seecQings. The so lu b le  p o ly sa c c h a r id e s  from the m ilk 
s ta g e  co rrespond  very  c lo s e ly  to  h i s  p o ly sa c c h a r id e .
Table 21. "he Cuprous Oxide formed from Samples o f  
Hydrolyzed Beta-am ylose and S o lub le  P o ly sac ch a rid e s  
from Milk and Mature S tages
M a te r ia l
Weight of Sample 
f o r  re d u c t io n
Weight o f  
formed
C u g Q
d e te rm in a t io n
A B
gms. gms • g m a .
Beta-am ylose . 1 0 0 0 . 2 1 5 9 . 2 1 3 2
S o lu b le  Polysaccharides  
m ature s ta g e
. 1 0 0 0 . 2 1 8 5 . 2 1 8 4
S o lu b le  Polysaccharides 
m ilk  s ta g e
. 1 0 0 0 . 2 0 4 6 . 2 0 3 9
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Table 22. P ercen tag e  Conversion to  1 -g lu co se  of 
Hydrolyzed Samples of B eta-am ylose, Soluble 
P o ly sa c c h a r id e s  from Milk and mature s ta g e s
M a te r ia l P ercen tage  Conversion 
to  d -g lu co se
per ce n t
Beta-amylose* 96.05
S o lu b le  P o ly sa c c h a r id e s 97.80
from Mature S tage
S o lu b le  P o ly sa c c h a r id e s 91.44
from Milk S tage 1
M elting  P o in ts  o f  Phenylosazone C r y s ta l s  from Hydrolyzed 
Samples o f  S o lub le  P o ly sacch a rid es  and Beta-Amylose. —Samples o f  
s o lu b le  p o ly sa c c h a r id e s  from the  m ilk  and th e  m ature s ta g e s  o f  
sweet co rn  and beta-am ylose  were hydro lyzed  f o r  one hour w ith  
two ard  one h a l f  per cen t s u l f u r i c  a c id .  A f te r  n e u t r a l i z i n g  
the  sample w ith  anhydrous sodium c a rb o n a te ,  phenylhydrazone 
h y d ro c h lo r id e  and sodium a c e t a t e  were added. The samples were 
th e n  p laced  in  a b o i l in g  w a te r  b a th  f o r  one hou r. At the end o f  
t h i s  p eriod  abundant osazone c r y s t a l s  were p r e s e n t .
A f t e r  r e c r y s t a l l i z a t i o n  from f i f t y  p e r  cent a lc o h o l p lus  a 
t r a c e  of p y r id in e ,  the  c r y s t a l s  were d r ie d .  The m e ltin g  p o in ts  
on th e se  osazones were c a r r i e d  out by th e  c a p i l l a r y  tube method 
in  a s u l f u r i c  a c id  b a th .  The d a ta  a re  shown in  Table 20.
The osazone c r y s t a l s  from beta-am ylose were o range-red
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r o s e t t e s ,  w hile  th e  osazones from th e  s o lu b le  po ly sacch ar id e  
were yellow  n e e d le s .  However, th e  m e lting  p o in ts  o f  th e  
osazones a re  a l l  w i th in  the  range g iven  fo r  phpnylg lueosazone.
Table 83. M elting  P o in ts  o f  Osazones Formed from Hydrolyzed 
Samples of Beta-Amylose and S o lub le  P o ly sac ch a r id e s  
from the  Milk and Mature S tages
14
M a te r ia l
«4
i
.M elting Po in t 
of Osazone 
U ncorree ted
M elting Pp in t 
of Osazone 
v C orrec ted
Average M elt­
in g  P o in t  of 
Osazone 
C orrec ted
{Degrees C en t. Degrees Cent. Degrees C en t.
Beta-Amylose 207.0 209.2
tt 207.5 209.7 209.4









2 1 0 .2
2 1 0 .6 2 1 0 .6
S o lu b le  P o lysaccharides  







The formula of Kopp (8 ) was used to  c o r r e c t  the m e lt in g
p o i n t s ,  . The form ula i s  as  fo l lo w s :
C o rre c t io n  = H (T -  t)**:
H -  the  p o r t io n  o f  the  mercury column above th e  le v e l  of th e  bath  
o r  not h e a te d  by the v a p o rs ,  read  in  d eg re e s .
T  -  the  tem p era tu re  r e g i s t e r e d  by th e  thermom eter.
t  -  th e  average  tem p era tu re  of the  exposed column of mercury, 
o b ta in e d  from a second thermometer hung so th a t  i t s  bulb i s  
midway between th e  l e v e l  of th e  bath  and the  top of the  mercury 
column o f  the f i r s t  therm om eter.
= 0 .0 0 0 1 5 4  th e  c o e f f i c i e n t  of apparen t expansion of mercury 
i n  g l a s s .
DISCUSSIOK
From th e  d a ta  o b ta in ed  in  t h i s  work i t  i s  ev iden t t h a t  th e  
s o lu b le  p o ly sa c c h a r id e s  a re  n o t chem ica lly  the  same a s  beta-am ylose* 
However, th e  two p ro d u c ts  have some very  s im i l a r  p ro p e r t ie s *
I t  shou ld  be n o ted  t h a t  th e  s o lu t io n s  of th e  s o lu b le  p o ly sa c c h a r ­
id e s  a r e  m ilky  and o p a le sc en t  w h ile  those  of beta-am ylose a re  
p e r f e c t l y  c le a r*  Link (11^ has i s o l a t e d  a w a te r - s o lu b le  p o ly ­
s a c c h a r id e ,  which he c a l l s  d e x t r i n ,  from young co rn  seed lin g s*
He r e p o r t s  t h a t  t h i s  p o ly sa cc h a r id e  i s  very  s im i l a r  to  the t r i -  
hexosan  which P i c t e t  (15) o b ta in ed  by th e  therm al depolym eriza­
t i o n  o f  p o ta to  s t a r c h .  The p r o p e r t i e s  of L in k 's  p o ly sa cc h a r id e  
however, d i f f e r  somewhat from those  in v e s t ig a te d  in  t h i s  work.
They a re  s im i l a r  in  the r e s p e c t  t h a t  a g lucosazone i s  o b ta in ed  
from th e  hydro lyzed  m a te r ia l  and th a t  ac id  h y d ro ly s is  g iv e s  a 
92 p e r  c e n t  co n v e rs io n  to  g lu c o se .  However, they  d i f f e r  in  
r e s p e c t  to io d in e  c o lo r a t io n  and o p t i c a l  r o t a t i o n .
The s o lu b le  p o ly sa c c h a r id e s  from th e  mature s ta g e  d i f f e r  
somewhat from the p o ly sa cc h a r id e s  from th e  m ilk  s ta g e .  The 
g r e a t e s t  d i f f e r e n c e  seems to  be in  th e  amount of phosphorus 
bound in  th e  p o ly s a c c h a r id e s .  Another very  marked d i f fe re n c e  
i s  found in  th e  m a te r ia l  which m igra ted  to  the  p o s i t iv e  e l e c ­
tro d e  d u ring  c a th o r o p h e s i s . P re lim in a ry  work on these  re s id u e s  
has shown them to  c o n ta in  co n s id e rab le  phosphorus and bound f a t t y  
m a t e r i a l .  The re s id u e  ob ta ined  from the s o lu b le  p o ly sa cc h a r id es  
in  the  m ilk  s ta g e  was h ig h e r  in  f a t  w hile  th e  mature s tag e  r e s ­
idue was h ig h e r  i n  phosphorus . The amounts of f a t  and phosphorus 
in  th e se  r e s id u e s  has exceeded the percen tage  re p o r ted  by Samec
(1 7 ) ,  f o r  co rn  a lp h a-am y lo se .
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T ay lo r  and Werntz (23) have shown t h a t  a lpha-am ylose 
lo o s e s  i t s  p o l a r i t y  when the  f a t t y  ac id  i s  removed. The r e ­
moval of t h i s  i s  so d i f f i c u l t  t h a t  they concluded th a t  a lp h a -  
amylose i s  r e a l l y  a f a t t y  a c id  d e r iv a t iv e  o f  a ca rbohydra te  
complex. Taylor and L i f s o h i t z  (21) have a lso  shown t h a t  t h i s  
a lpha-am ylose  produces g e n t io b io s e  on h y d r o ly s i s .  With th e se  
f a c t s  i n  mind we r e a d i ly  see t h a t  s t a r c h  i s  composed of two 
m a te r i a l s ,  ch em ica lly  d i f f e r e n t .
Xampe and Meyers (10) have s tu d ie d  the development of  
sweet co rn  k e rn e l s  m ic rochem ica lly  and r e p o r t  t h a t  g lo b u le s  
f i r s t  form and t h a t  ca rbohydra te  g r a in s ,  which g ive  c h a r a c te r ­
i s t i c  s t a r c h  r e a c t i o n s ,  may or may not form w i th in  th e se  g lo b ­
u l e s .  They advance the  th eo ry  th a t  th e se  g lo b u le s  in  sweet co m  
c o n ta in  the w a te r  s o lu b le  p o ly sa c c h a r id e s .  This idea  was l a t e r  
g iv e n  more s t r e n g th  by Lampe., (9) . Lampe and Meyers (10) a lso  
r e p o r t  t h a t  th ey  found no evidence of a r e v e r s a l  or a h y d ro ly s is  
a f t e r  th e  ca rb o h y d ra te  g r a in s  were once formed.
In  the  l i g h t  of th e s e  f a c t s  i t  may be p o s s ib le  th a t  th e  
so lu b le  p o ly sa c c h a r id e s  which have been in v e s t ig a te d  a re  elemen­
t a r y  u n i t s  which make up b e ta -am y lo se . However, f u r th e r  work 
on th e se  r e s id u e s  must be com pleted before  any d e f i n i t e  con­
c lu s io n s  can be made as to  t h i s  h y p o th e s is .
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SUMMARY
1* A com parative  s tudy  has been made of the  w a te r - s o lu b le  
p o ly sa c c h a r id e s  from sweet co rn  in  the  mature and  m ilk  s ta g e s  
and b e ta -am y lo se .
2 .  The s o lu b le  p o ly sa c c h a r id e s  from the  mature and th e  
m ilk  s ta g e s  have p r a c t i c a l l y  th e  same o p t i c a l  r o t a t i o n ,  v i s ­
c o s i t y  and c o lo r  w ith  i o d i n e • The beta-am ylose  i s  d i f f e r e n t  
i n  a l l  th r e e  of  th e s e  p ro p e r t ie s *
3 . On Jiy& rolysis the  th r e e  m a te r ia l s  y i e l d  g lu co se ;  how­
e v e r ,  th e  p o ly sa c c h a r id e s  from the m ilk  s ta g e  a re  n o t  c o n v e r t­
ed in to  g lucose  as  much as th e  p o ly sa c c h a r id e s  from th e  mature 
s ta g e  and b e ta -am y lo se .  The l a t t e r  two have p r a c t i c a l l y  the  
same p e rcen tag e  co n v e rs io n .
A. The conductance of th e  beta-am ylose  i s  s im i l a r  to t h a t  
o f  th e  p o ly sa c c h a r id e s  from th e  m ilk  s ta g e .  The conductance 
o f  th e  p o ly sa c c h a r id e s  from th e  mature s ta g e  i s  lower than  th e  
two o th e r  s u b s ta n c e s .
5 .  The phosphorus c o n te n t  of th e  p o ly sa cc h a r id e s  from th e  
m ature s ta g e  and beta-am ylose  a re  t h e  same, w h ile  th e  p e r c e n t ­
age o f  phosphorus in  the  p o ly sa c c h a r id e  from th e  m ilk s ta g e  i s  
h ig h e r  than  any of th e  o th e r  m a t e r i a l s .
6 . The m a te r ia l s  under  i n v e s t ig a t i o n  were not f lo c c u la te d  
by ammonium s u l f a t e ,  b a s ic  le ad  a c e ta t e  o r  io d in e -p o ta ss iu m  
io d id e .  On adding a t r a c e  of e l e c t r o l y t e  the beta-am ylose was 
f lo c c u la te d  by io d in e -p o ta ss iu m  io d id e .
7 . There was no ex traneous f a t  o r  f a t  f re e d  by h y d ro ly s is  
i n  any of t h e  m a te r ia l s  in v e s t i g a t e d .
8 . A l l  of th e  th re e  m a te r ia l s  in v e s t ig a te d  were f r e e  o f  a sh .
Sfi
9. A r e s id u e  was removed from th e  so lu b le  p o ly sa cc h a r id es  
by means of c a th o ro p h es is*
1 0 . P re l im in a ry  work on th e se  re s id u e s  shows them to  have 
a h ig h  p e rcen tag e  o f  phosphorus and f a t t y  m a te r i a l .
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